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Abstract. Some disturbed galaxy clusters host diffuse elongated radio sources, also called 
radio relics. It is proposed that these relics trace shock waves in the intracluster medium 
(ICM). Within the shock waves, generated by cluster merger events, particles are accelerated 
to relativistic energies, and in the presence of a magnetic field synchrotron radiation will be 
emitted. CIZA J2242. 8-1-5301 is a disturbed galaxy cluster hosting complex diffuse radio 
emission, including a so-called double radio relic. Here we present new Giant Metrewave 
Radio Telescope (GMRT) radio observations of CIZA J2242.8H-5301 at 325 and 150 MHz. 
We detect the double radio relic at 150 and 325 MHz. The very deep 150 MHz image reveals 
the presence of large-scale diffuse emission between the two radio relics. 
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CIZA J2242. 8-1-5301 - Cosmology: large-scale structure of Universe 



1. Introduction 

Galaxy clusters grow by mergers with other 
clusters or galaxy groups, as well as through 
the accretion of gas from the intergalactic 
medium (IGM). Both these two processes 
shock the ICM. It has been proposed that 
within these shocks particles can be accel- 
erated to highly relativistic energies by the 
diffusive shock acceleration (DSA) mech- 
anism (Krvmskii 
Bel 



l200lh . It is thought that radio relics, elon- 
gated steep-spe c trum r adio sources (e.g. , 
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Erownetal. 2011), 
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^Giovannini et al.l 
Giacintucci et al.l 
trace these shock 

cluster merger ev ents OEnsslin et al.l |199 
lMiniatietalJl200l[) . 

CIZA J2242.8-H5301 is a d isturbed galaxy 
cluster located at z = 0.1921 (iKocevski et al.l 
I2007h . The cluster hosts a large double ra- 
dio relic system, as well as additional large- 
scale diffuse radio emission (van Weeren et al] 
|2010|) . The spectral index {a) across the bright 
northern relic steepens systematically in the 
direction of the cluster center, across the 
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Fig. 1. GMRT 325 MHz image made with robust weighting set to - 1 .0 (|Brigg3i995'). The image has a rms 
noise of 59 /jJy beam"' . Contour levels are drawn at VLU 2, 4, 8, . . .] x 4a"r„,s. The beam size is 8.7" x 7.4" 
and shown in the bottom left corner of the image. A thinner contour from an image with robust weighting 
set to 0.5, with a resolution of 1 1.5" x 9.8", is drawn at a level of 0.2 mjy beam"'. 



full length of the narrow relic. This is ex- 
pected for outwards moving shock waves, with 
synchrotron and inverse Compton losses be- 
hind the shock front. Here we present new 
low-frequency GMRT radio images at 150 
and 325 MHz, which complement our previ- 
ous higher frequency observations at 610 and 
1400 MHz (Ivan Weeren et al.ll2010h . 



2. Observations 

We carried out radio observations with the 
GMRT of CIZA J2242.8-I-5301 at 150 and 
325 MHz. The total bandwidth was 6 and 
32 MHz at 150 and 325 MHz, respectively. 
The 325 MHz data were reduced in a standard 
way using the NRAO Astronomical Image 
Processing System (AIPS) package. A few 
bright sources wer e removed using the "peel- 
ing" scheme (e.g., iNoordarnI I2b04i) . The data 
were affected by strong radio frequency inter- 
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Fig. 2. GMRT 150 MHz image. Tiie image lias 
a rms noise of 1.0 mjy beam"', and the resolu- 
tion is 30" X 24". Contour levels are drawn at 
V[l,2,4,8,...]x4o-™,. 

ference (RFI), preventing the use of the short- 
est baselines. 

For the 150 MHz data the iono s pheric cal- 
ibration scheme from llntema et al.l (l2009h was 
employed. In addition, RFI was fitted and sub- 
tracted from the data using the technique de- 
scribed by Athreva (2009) which was imple- 
mented in Obit (,Cottoa,2008.) . 

For both datasets we used the polyhe- 
dron method ('Perlev 'l989:'Cor nweU&Perlevl 
1 1992) for making the images to minimize the 
effects of non-coplanar basehnes. 

3. Results 

The 325 MHz image displays both the north- 
ern and southern relic. At 325 MHz we also 
detect a patch of diffuse emission located just 
south of the bright tailed-radio source at the 
eastern end of the northern giant relic. In addi- 
tion, the diffuse source to the southeast of the 
tailed radio source is detected. These sources 
could be radio relics tracing additional shock 
structures. The 325 MHz image reveals none 
of the large-scale diffuse emission between 
the southern and northern giant relics, which 
was previously found in a deep Westerbork 
Synthesis Radio Telescope (WSRT) 1.4 GHz 



image dvan Weeren et al ] 120101) . We attribute 
this to the fact that most of the short base- 
line had to be "flagged" because of RFI. At 
150 MHz we detect the large-scale diffuse 
component between the northern and southern 
relics, confirming its existence. Interestingly, 
the width of the northern relic is much wider 
than in our 1.4 GHz WSRT map, consistent 
with a very steep spectral index (a < -2) 
in the region at the back of the shock due to 
synchrotron losses having severely reduced the 
emission at higher frequencies. 

4. Conclusions 

We detect both the northern and south- 
ern radio relics in the galaxy cluster 
CIZA J2242.8+5301 with the GMRT at 
150 and 325 MHz . The 150 MHz image 
reveals the presence of additional diffuse emis- 
sion throughout the cluster with a total extent 
of about 3 Mpc, confirming the results from 
our a previous WSRT 1 .4 GHz observation. In 
a future paper we will present a more detailed 
spectral analysis of the radio emission in the 
cluster 
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